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INERTIA DIAPHRAGM PRESSURE TRANSDUCER 
Henry L. B, SeegmiUer, Los Gatos, Calif., assignor to the 
United States of America as represented by the Ad- 
ministrator of the National Aeronautics and Space Ad- 
ministration 

Filed June 17, 1965, Ser. No. 464,879 
16 Claims. (Cl. 73—398) 


ABSTRACT OF THE DISCLOSURE 

A pressure transducer in which a diaphragm is sub- 
stantially freely supported so that the motion of the 
diaphragm during the test period is resisted primarily 
only by the inertia of the diaphragm with relatively little 
resistance due to any elastic or spring return force in 
the diaphragm. The motion of the diaphragm, when sub- 
jected to a fluid force, is sensed and recorded directly 
from the movement of the diaphragm while the diaphragm 
is in motion and as a function of time. The acceleration 
of the diaphragm is thereby detected and recorded. 


The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

This invention relates to measuring devices and more 
particularly to pressure transducers primarily designed to 
measure transient pressures. 

The invention is especially adapted for use in measur- 
ing test model pressures in shock tubes, shock tunnels, or 
other devices which are subjected to pressure steps of 
short duration. Test facilities of this type which are nec- 
essary in the study of atmospheric entry, generate high 
velocity test gas flows with durations of a few microsec- 
onds to several milliseconds. It is of interest in these facili- 
ties to determine the distribution of the gas pressures 
about the surfaces of test models in order to obtain fun- 
damental knowledge of the mechanism of such flows 
and to assist the vehicle designer in determining the aero- 
dynamic performance and strength requirements of proto- 
type vehicles. 

Previous methods of measurement have relied on pres- 
sure transducers of a type which may be termed, steady- 
state elastic. In this type of transducer the pressure force 
applied to the face of the transducer is resisted by and 
is in equilibrium with the elastic restoring forces of the 
transducer elements, hence the term steady-state elastic. 
The transducer element against which the test pressure 
is applied is normally in the form of a diaphragm, and 
the magnitude of the pressure being tested is calculated 
by measuring the deflection of the diaphragm. 

Since transducer sensitivity is directly related to the 
deflection of the elastic diaphragm, it is evident that as 
the required operating time is reduced, the moving elas- 
tic diaphragm must undergo increasingly high rates of 
acceleration to attain the required motion in the available 
time. These high rates of acceleration cause the inertial 
resistance of the moving diaphragm to assume importance 
is equilibrium between the applied pressure force and 
the elastic restoring force. Clearly, the concept of static 
equilibrium in the balance of pressure forces and elastic 
restoring forces is not applicable in the measurement of 
these very short duration pressure pulses. In other words, 
as the duration of the pressure pulse approaches or be- 
comes less than the resonant period of a steady-state elas- 
tic transducer the inertia of the diaphragm causes large 
errors in the magnitude and phase of the output of the 
transducer. Thus, in order to measure very short dura- 
tion pressure pulses an elastic type transducer would re- 
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quire a diaphragm with a very high resonant frequency. 
The difficulty is that in an elastic type system high reso- 
nant frequency inherently requires a high spring return 
force which of course makes a transducer of low sensi- 
tivity which cannot measure low pressures. 

An additional difficulty is encountered in the use of 
the elastic steady-state concept for the measurement of 
short duration pressure pulses in gas flows of high tem- 
perature such as occur in the previously mentioned shock 
tunnels or shock tubes. The extremely hot gas which is 
generated as a consequence of gas flows at atmospheric 
entry speeds subjects the exposed transducer diaphragm 
to a pulse of intense heating. This heating pulse arises 
from both radiation and convection from the hot gas in 
which the test model is immersed. The non-uniform tem- 
perature distributions induced in the steady-state elastic 
transducer by this heating are troublesome because the 
previously calibrated relation of elastic restoring force 
and diaphragm deflection is altered by the non-uniform 
temperatures in the transducer. 

It is apparent that new techniques are required by the 
desire to obtain fundamental knowledge of the gas pres- 
sures on the surface of test models in high temperature 
gas flows of short duration. It is therefore the object of 
the present invention to provide a means of obtaining 
these measurements. 

By way of brief description the present invention solves 
the problem of measuring pressure pulses of short dura- 
tion by providing a transducer in which the diaphragm 
is substantially freely moving so there will be relatively 
little elastic restoring force to retard the motion of the 
diaphragm. In orther words the inertia of the diaphragm, 
rather than its elastic spring force, is relied upon to resist 
the force of a pressure pulse and translate it into a pres- 
sure measurement, all as will be hereinafter described in 
more detail. 

Thus the specific objetc of the invention is to provide 
a pressure transducer using the inertia of the diaphragm 
sensing element so that high sensitivity measurements 
can be made of very short duration pressure steps. 

Another object of the invention is the reduction of 
measurement errors due to non-uniform heating of the 
transducer. Since temperature change has no effect on 
inertia, the inertia type diaphragm is a basic solution 
to the temperature problem. 

A further object of the invention is to provide a pres- 
sure transducer which will not be subject to the objec- 
tionable “ringing” which results when conventional elas- 
tic type diaphragms are subjected to the very high fre- 
quency components of short duration pressure steps. As 
in the case of the temperature problem the invention’s 
inertia type diaphragm reduces the basis of the objection- 
able ringing; namely, the spring return force of the 
diaphragm is substantially removed. 

These and other objects and features of advantage will 
become more apparent from the following detailed de- 
scription wherein reference is made to the accompanying 
drawings in which: 

FIGURE 1 is a schematic sectional view of a diaphragm 
pressure transducer utilizing the principles of the in- 
vention; 

FIGURE 2 is an elevational view of the diaphragm 
portion of FIGURE 1 taken from the left of FIGURE 1 ; 

FIGURE 3 is a partial sectional view showing a modi- 
fied diaphragm construction; 

, FIGURE 4 is a sectional view of the center portion of 
a transducer similar to FIGURE I but embodying a dif- 
ferent means for sensing diaphragm acceleration; and 

FIGURE 5 is a view similar to FIGURE 4 but showing 
a slightly modified diaphragm construction. 

Referring in more detail to the drawings, FIGURE 1 
shows the transducer mounted in the wall 6 of a test 
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model which is intended for testing- under conditions of 
the type previously described. The transducer itself com- 
prises a cup-shaped housing structure 7 having a bottom 
wall 8 and a cylindrical side wall 9. The sensing element 
of the transducer is a diaphragm 10. The diaphragm is 
secured to the housing wall 9 by brazing or other suitable 
bonding means. The transducer is intended to measure the 
pressure of the gaseous environment on the left of the 
diaphragm as viewed in FIGURE 1. 

The basic requirement of the invention is that the dia- 
phragm 10 be substantially freely supported so that motion 
of the diaphragm during the test interval is resisted pri- 
marily only by the inertia of the diaphragm with rela- 
tively little resistance due to any elastic or spring return 
force in the diaphragm. One way in which the spring 
return force of the diaphragm can be reduced is to form 
concentric corrugations 11 adjacent to the periphery of 
the diaphragm. Another way to obtain a low spring return 
force is to make the diaphragm of a material having high 
density and low elastic modulus such as platinum. In order 
to increase the sensitivity a low mass diaphragm is re- 
quired, and can be provided by making the diaphragm of 
a light plastic material. The inner face of a plastic dia- 
phragm would be metallized to function in the electrical 
circuit which will be hereinafter described. 

The housing 7 is sealed in the model 6 by a sealing ring 
12 compressed between the model and a rim 13 on the 
transducer housing structure. The parts can be convenient- 
ly secured in assembled relation by a clamp ring 15 which 
abuts the rim 13 and engages the model in a cooperating 
manner not shown. 

The cup-shaped housing 7 is nearly filled with insulating 
material 16 but enough space is left to provide a chamber 
17 which will accommodate the deflection of the dia- 
phragm under the impact of the pressure pulse on the out- 
side of the diaphragm. The metallic diaphragm 10 forms 
one plate of a capacitor and the other plate is formed by 
a metal disk 20 mounted on the insulation 16. Since the 
diaphragm 10 is purposely provided with very little elastic 
resistance to movement it will tend to strike plate 20 and 
it is therefore desirable to provide plate 20 with an in- 
sulating coating 21 which will arrest the motion of the 
diaphragm. 

In operation the exposed left face of diaphragm 10 will 
be subjected to a pressure pulse of short duration and very 
high rise time which will accelerate the diaphragm in the 
direction of the fixed plate 20. The diaphragm is acceler- 
ated in accordance with Newton’s second law: a^F/M, 
where a is the acceleration, F is the force of the gas against 
the diaphragm, and M is the mass of the diaphragm. The 
pressure of the gas is of course equal to the force F 
divided by the area of the diaphragm, and the mass M is a 
fixed and known quantity. Thus, if the acceleration is 
known, the pressure can be calculated therefrom. The 
acceleration is measured by recording the time-displace- 
ment history of the diaphragm movement toward the 
stationary plate 20. Displacement of the diaphragm to- 
ward the stationary plate 20 will cause a change in the 
capacitance between the diaphragm and the stationary 
plate. Therefore measurement of the capacitance will pro- 
vide a measurement of the displacement. Thus, it is mere- 
ly necessary to measure and record the change in capaci- 
tance as a function of time in order to be able to calculate 
the diaphragm acceleration and thence the gas pressure. 
Accordingly the diaphgram 10 and plate 20 are connected 
by leads 22 and 23 to a conventional circuit 24 which 
measures capacitance and records it as a function of 
time. The lead 22 is preferably connected directly to the 
diaphragm 10 and is surrounded by a protective sleeve 
25. In some cases it is desirable to insulate the diaphragm 
10 from the housing 7 to isolate the capacitance measur- 
ing circuit as much as possible from the surrounding ele- 
ments. Leads 22 and 23 are of course preferably insulated 
throughout their lengths. 

In order to obtain a steady-state pressure balance across 
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the diaphragm, conduit means are provided for connect- 
ing the space on the left side of the diaphragm with the 
chamber 17 on the right of the diaphragm. However, in 
order to prevent the pressure pulse from appearing on 
5 both sides of the diaphragm simultaneously, the conduit 
means are in the form of a fluid delay line. More specif- 
ically, the delay line comprises tubes 27 and 28 opening to 
the opposite sides of the diaphragm and interconnected 
by a delay chamber 29. A restricted orifice 26 is prefer- 
20 ably added to the end of tube 28 into the chamber 29. 

FIGURE 3 shows a slightly modified embodiment 
which is particularly designed to be less sensitive than 
the embodiment of FIGURE 1 and thus adapted for use 
with higher pressures. The embodiment of FIGURE 3 
15 is exactly like the embodiment of FIGURE 1 except that 
a metal mass 30 has been added to the diaphragm 10. If 
necessary chamber 17 is enlarged to accommodate the 
mass 30. 

FIGURE 4 shows another embodiment of the invention 
20 wherein the means for measuring acceleration of the dia- 
phragm is different from the capacitive means of FIG- 
URE 1. More specifically, a magnetic disk 31 is attached 
to the diaphragm 10, and the capacitor plate 20 is re- 
placed by a wire sensing coil 32. When the field of magnet 
25 31 moves relative to the coil 32, an output voltage will be 
generated in the coil as a function of the acceleration of 
the magnet. Accordingly, the ends of the coil 32 are con- 
nected by leads 22' and 23' to a conventional circuit 24' 
for reading and recording the output voltage. FIGURE 5 
30 is the same as FIGURE 4 except that the separate magnet 
31 is omitted and the diaphragm 10' is a magnetized piece 
of magnetic material. 

In summary, it should now be understood that the 
invention requires that the diaphragm be substantially 
35 freely supported whereby sudden movement of the dia- 
phragm is resisted primarliy only by the force of inertia. 
Resistance to motion of the diaphragm consists of two 
forms, inertial (F^Ma) and elastic (F e =kx); where F 
is defined as the resistive force (inertial or elastic), M is 
40 the mass of the diaphragm, a is the diaphragm accelera- 
tion, k is the elastic spring constant of the diaphragm, and 
x is the diaphragm deflection from the rest position to the 
sensing point. For the diaphragm to be substantially freely 
supported as defined in the description and claims re- 
45 fiuires that the inertial resistive force must predominate 
during the measurement. In addition, the invention differs 
from the prior art by measuring the acceleration of the 
diaphragm as distinguished from merely measuring the 
displacement of the diaphragm. 

50 Although specific details of the present invention are 
shown and described herein, it is to be understood that 
modifications may be made therein without departing 
from the spirit and scope of the invention as set forth 
in the appended claims. 

55 Having thus described the invention what is claimed 
as new and desired to be secured by Letters Patent is: 

1. A pressure transducer comprising a housing struc- 
ture, a diaphragm supported by said housing structure 
and adapted to be subjected on one side to a gaseous 

60 environment to be tested, said diaphragm being supported 
around its periphery by said housing structure, an annu- 
lar corrugation in said diaphragm rendering it substan- 
tially free to move except for its resistance due to the 
force of inertia, said housing structure forming a space 
65 on the other side of said diaphragm, passage means con- 
necting said space to said one side of said diaphragm and 
forming a fluid delay line for equalizing the steady-state 
pressure on both sides of said diaphragm, and circuit 
means connected to said diaphragm for detecting con- 
tinuously the movement of said diaphragm and record- 
ing continuously the movement of said diaphragm di- 
rectly from the motion of said diaphragm. 

2. A pressure transducer as claimed in claim 1 in which 
75 said diaphragm is made of platinum. 
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3. A pressure transducer as claimed in claim 1 in which 
said fluid delay line comprises means forming a delay 
chamber. 

4. A pressure transducer as claimed in claim 1 in 
which said means for detecting movement of said dia- 5 
phragm comprises a magnetic circuit having a sensing 
coil portion and a magnetic field generating portion, and 
one of said circuit portions is movable with said dia- 
phragm. 

5. A pressure transducer as claimed in claim 1 in jq 
which said means for detecting movement of said dia- 
phragm comprises a circuit for measuring capacitance 

as a function of time and in which circuit said diaphragm 
forms one plate of a capacitor and the other plate of the 
capacitor is formed by a stationary member. 15 

6. A pressure transducer as claimed in claim 5 further 
comprising an insulating abutment intermediate said 
diaphragm and said stationary plate. 

7. A pressure transducer as claimed in claim 1 where- 
in said diaphragm is made from material having a high 20 
density and a low elastic modulus. 

8. A pressure transducer comprising a housing struc- 
ture, a diaphragm supported by said housing structure 
and adapted to be subjected on one side directly to a 
gaseous environment, said diaphragm being substantially 25 
freely supported whereby sudden movement of the dia- 
phragm is resisted primarily only by the force of inertia, 
and means for measuring acceleration of said diaphragm. 

9. A pressure transducer as claimed in claim 8 wherein 

said diaphragm is made of platinum. 30 

10. A pressure transducer as claimed in claim 8 and 
comprising a fluid delay line for equalizing the steady- 
state pressure on both sides of said diaphragm. 

11. A pressure transducer as claimed in claim 8 in 
which said means for measuring the acceleration of said 35 
diaphragm comprises a magnetic circuit having a sensing 
coil portion and a magnetic field generating portion, and 
one of said circuit portions is movable with said dia- 
phragm. 

12. A pressure transducer as claimed in claim 8 in 40 
which said means for measuring acceleration of said dia- 
phragm comprises a circuit for measuring capacitance as 

a function of time and in which circuit said diaphragm 
forms one plate of a capacitor and the other plate of the 
capacitor is formed by a stationary member. 45 

13. A pressure transducer as claimed in claim 8 where- 
in said diaphragm is made from material having a high 
density and a low elastic modulus. 

14. A method of measuring fluid pressure comprising 
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exposing a substantially freely supported sensing member 
to the fluid to be measured, detecting the motion of said 
sensing member under exposure to the fluid to be meas- 
ured as a function of time, and measuring the accelera- 
tion of said sensing member. 

15. A pressure transducer comprising a housing struc- 
ture, a diaphragm supported by said housing structure 
and adapted to be subjected on one side to a gaseous en- 
vironment to be tested, said diaphragm being substantially 
free to move except for its resistance due to the force 
of inertia, said housing structure forming a space on the 
other side of said diaphragm, and passage means con- 
necting said space to said one side of said diaphragm and 
forming a fluid delay line for equalizing the steady-state 
pressure on both sides of said diaphragm, and means for 
measuring the acceleration of said diaphragm when it 
moves under the force of sudden pressure, 

16. A pressure transducer comprising a housing struc- 
ture, a diaphragm supported by said housing structure 
and adapted to be subjected on one side to a gaseous en- 
vironment to be tested, said diaphragm being supported 
around its periphery by said housing structure, an annu- 
lar corrugation in said diaphragm rendering it substan- 
tially free to move except for its resistance due to the 
force of inertia, said housing structure forming a space 
on the other side of said diaphragm, and passage means 
connecting said space to said one side of said diaphragm 
and forming a fluid delay line for equalizing the steady- 
state pressure on both sides of said diaphragm, and means 
for measuring the acceleration of said diaphragm when 
it moves under the force of sudden pressure. 
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